Water scarcity is worsened by climate change. Water savings can be reached by improving irrigation efficiency both on farm and on water supply. To do that, the choice of the best irrigation technology is not always straightforward, because farmers need to renew and implement farm infrastructures for irrigation. This study compares three irrigation systems, one drip irrigation and two sprinkler (center pivot and hose-reel) systems, on environmental, economic, and energetic performance under irrigated and non-irrigated maize cropping. The study combines impact and efficiency indicators, addressing a sustainability analysis for the irrigation practice under the three different irrigation systems. The sustainability for the irrigation systems was assessed using water-related indicators (water use efficiency, irrigation water use efficiency, and water footprint), biomass (crop growth rate, relative growth rate, harvest index, and yield response factor), and energy indicators (energy footprint, performance, and energy cost footprint) for the environmental aspect; and the economic-based indicators (water productivity and economic water footprint) for the economic aspect. Main results address the center pivot system as the best solution for irrigation practice since it demonstrated higher economic and environmental performance. Moreover, maize under the pivot system allowed a higher biomass production, economic benefits, and water use efficiency.
Introduction
The agricultural sector uses 70% of the global freshwater resource [1] . Although only 20% of global croplands is equipped for irrigation, 40% of global food production is attributable to irrigated lands [2] . Actually, 24% of the world river basin area suffers from severe water scarcity [3] , and irrigation water use is in conflict with the ecological flows [4] in 15% of the global lands [5] . The economic welfare of a country is also linked with water depletion; in fact, water poverty increases following an increase of ecosystem degradation [6] . The use of irrigation water enhances crop production, which is usually correlated to higher economic benefits [6] . Hence, sustainable irrigation practice is a strategic enhancement to raise food production and enable the Earth system to operate within planetary boundaries [1, 7] . A common opinion for increasing sustainability is given from the implementation of water saving irrigation technologies [8] . Although an increase of irrigation efficiency at the farm scale reduces water consumption at the farm scale, it fails to increase water availability at the watershed and basin scale [9] , leading to the irrigation paradox exactly because of an increase of local beneficial water consumption due to a more efficient irrigation system. Moreover, previous non-consumed water an increase of local beneficial water consumption due to a more efficient irrigation system. Moreover, previous non-consumed water losses at the farm scale are recovered and reused at the basin scale, and even more, the increase of irrigation efficiency at the farm scale might also increase the water consumption once the farm switches to more water-intense crops [10] . Therefore, sustainable implications of water use refer to integrated environmental preconditions while satisfying the societal demand [11] . In other words, a sort of "semi-sustainability" criterion needs to combine the best possible approach taken by human needs against the resulting environmental depletion [11] . In addition, the human interaction with the water cycle makes some unavoidable changes on water resources [11, 12] . For that reason, decision-makers must make better decisions using appropriate tools to support policies and investments [13, 14] . Thus, the sustainability of irrigation practice could be improved by governance with appropriate water policies [15] . Water policies enhance, for example, the use of water price and subsides to improve sustainable use of water resource [16, 17] . As defined for the 6.4 Sustainable Development Goals target, water use indicators should analyze the inter-annual and intra-annual variability of water stress [18] , and analyze changes in water management, integrating the several aspects of sustainability [19, 20] . In fact, a core of indicators better analyze the overall sustainability [21, 22] . Especially, the relation among biomass production, the economic productivity related to irrigation water, energy costs, and emissions on the environment permit one to fully understand the sustainability of water use [23, 24] , and was used in this case study to compare the different irrigation practices.
This study determines the agro-environmental and economic sustainability for supposed suitable irrigation systems, comparing two sprinkler irrigation (center pivot and hose-reel) systems and one drip irrigation system under maize cropping. This study focuses on different irrigation management, comparing irrigation systems and a non-irrigated test using several water-based indicators, analyzing the production of the biomass and yield and looking into their economic and energetic performance.
Materials and Methods

Study Area and Field Management
This study compared the management of three-irrigation systems during the maize cropping season. The study area was located in the high plain on the northeast of Italy (45°49'44.6'' N; 12°16'35.6'' E) ( Figure 1 ) in proximity to rivers, the mountain area, and the coast. The area is characterized by a sub-continental climate with 1100 mm of annual rainfall, while during summer season, the area is characterized by warm temperatures and a high humidity. Soil texture is silty-clay-loam textured (sand 12%, loam 61%, clay 27%). The area is characterized by the presence of 9% of gravel. The soil is sub-alkaline (pH 7.4) with a 2.2% organic matter and 1.3% Figure 1 . Illustration of the study area on the northeast of Italy (left), and the zoomed image with the three fields with the three irrigation systems identified with different colors (right): center pivot in yellow, micro irrigation in blue, and the hose-reel sprinkler machine in red.
Soil texture is silty-clay-loam textured (sand 12%, loam 61%, clay 27%). The area is characterized by the presence of 9% of gravel. The soil is sub-alkaline (pH 7.4) with a 2.2% organic matter and 1.3% of organic carbon. Soil nitrogen is about 1.37 g kg −1 ; usable phosphorous (P 2 O 5 ) is 55 ppm and potassium is 275 ppm of K 2 O. Agriculture 2019, 9, 187 3 of 15 Agronomical management has foreseen a 35 cm deep ploughing in autumn, after a fertilization with 50 t ha −1 of manure from biogas digestion. Prior to the seedbed preparation, a fertilization with 250 kg ha −1 of potassium chloride (KCl) and 200 kg ha −1 of calcium perphosphate Ca 3 (PO 4 ) 2 (P 46%) was applied in the fields. Maize was sown on the 20 of March in the pivot plot and on the 1 of April in the other plots at 7-8 plants m −2 density. A second fertilization with 500 kg ha −1 of urea N 46% (230 kg ha −1 of nitrogen) was applied during the maize growing season in both fields under sprinkler irrigation. In the microirrigation plot, on the other hand, a fertigation with urea was done five times during the early growing season. Maize was harvested on the 1 of September and maize yield was recorded to 11.5 tons ha −1 under the drip irrigation system, and to 10.3 and 9.7 tons ha −1 under center pivot and hose-reel systems, respectively, while the non-irrigated test performed 4.6 tons ha −1 .
Irrigation
The irrigation timing was scheduled according to the Irrigation Board calendar compensating the evapotranspiration before water stress occurred. The irrigation season lasted from mid-May to mid-August. Rainfall and temperature data were recorded by a local weather station located in proximity of the farm. The non-irrigated test was located on each plot and kept willingly without water application for a total surface of 0.5 ha.
The three irrigation systems included two sprinklers and a microirrigation system ( Figure 1 ). The sprinkler irrigation systems were a center pivot system and a hose-reel sprinkler. The microirrigation system was a drip line system located in an area of 10 ha. Water was firstly supplied from an irrigation channel, then pumped at a pressure of 1.5 bar by an electro pump of 37 kW and filtered by three automatic 120 mesh filters. The main line combined a 101.6 mm line that lay flat and a drip line with 22 mm of diameter. The drip line was characterized by drippers with a nominal flow rate 1.05 L h −1 at 0.8 bar pressure (water applied was 1.4 mm h −1 ) and spaced 0.5 m each other. The drip line was positioned 1.5 m apart or every two planting rows. The irrigation season counted 12 irrigations for a total of 232 mm of water volume. The center pivot system was settled on an area of 40 ha. The pivot was 325 m long with a terminal section of 25 meters, with the sprinklers positioned every 3 meters. The pressure was 2.2 bar, with a flow rate of 47 L s −1 . Water was pumped from the irrigation channel with an electro pump of 50 kW power. The irrigation volume was 25 mm each irrigation for a total of 10 irrigations and a cumulative irrigation volume of 240 mm (the last irrigation was 15 mm).
The hose-reel machine was settled in 10 ha. Water was pumped from the irrigation channel with a three-impeller motor pump with a 176 kW diesel engine. The pump pressure was 10 bar. The sprinkler gun had a flow rate of 35 L s −1 at 6-6.5 bar and about 70 m of radius of throw. Four irrigations were applied with a total irrigation volume of 200 mm during the whole irrigation season.
Water-Based Indicators
The environmental performance of the three irrigation systems was calculated applying the indicators of crop water use efficiency (WUE), the irrigation water use efficiency (IWUE) under the irrigation system, and the relative irrigation supply (RIS) indicator, while the impact on water resources was computed using the water footprint [25] . In order to calculate all those indicators of environmental performance, the crop water requirements were previously assessed. The adjusted crop evapotranspiration (ET c adj ) was assessed on a daily basis according to FAO [26] , multiplying the crop coefficient (k c ) by ET 0 and by a water stress coefficient (k s ) if a water deficit happened:
The term "efficiency" can be associated with irrigation systems or can refer to water-use in a broader sense [9] . In this study, the indicator of water use efficiency (WUE) was calculated as the ratio Agriculture 2019, 9, 187 4 of 15 between the yield biomass and the actual crop evapotranspiration in kg m −3 [27] for each irrigation system (i):
where the actual maize biomass (B a ) under a certain irrigation system i or the biomass produced on the non-irrigated test (B test ) is related to the adjusted crop evapotranspiration (ET c adj ) for irrigated and the non-irrigated maize [28] . In addition, the irrigation water use efficiency (IWUE) was assessed. This indicator evaluates the marginal productivity per cubic meter of water provided by the irrigation. The IWUE (kg m −3 ) was calculated as following [29] :
where Y a (kg ha −1 ) is the actual grain yield under irrigation, Y test (kg ha −1 ) is the non-irrigated yield of the test in the field, and I r (m 3 ha −1 ) is the irrigation volume applied. IWUE corresponds to the increased production (in dry matter) in comparison to the non-irrigated sample yield in terms of the volume of water used for irrigation. Irrigation is one of the most important factors for increasing crop yield. In order to inform how the management of the irrigation systems during growing period matched the water requirements, the relative irrigation supply (RIS) indicator was assessed [30] :
Basically, RIS evaluates if irrigation under an irrigation system i matches with the irrigation water deficit relating the ratio of irrigation water volumes over the difference between ET c adj and the effective rainfall (P eff ). The RIS indicator shows the irrigation system's performance, which is not merely the irrigation efficiency, but it indicates if supply meets the water requirement [31] . RIS values less than 1 indicate a deficit of water application, while larger values indicate a surplus.
In addition to the indicators of efficiency, the impact on water resource was calculated. The water footprint (WF) indicator measures the impact on water consumption in relation to the surface or the yield [32] . The study performed the WF by calculating the water consumption as the green water, which is the rainwater used by maize trough evapotranspiration [33, 34] , and the blue water, which is the irrigation volume applied to the plants [35] . The green and blue water are different crop water use over the crop growing season, which are calculated for each irrigation system i by the following [36] [37] [38] :
The green crop water use (CWU green,i ) represents the total rainwater evapotranspired from the planting day (day 1) to the day of harvest (lgp, length of growing period). The blue crop water use (CWU blue,i ) represents the total irrigation water evapotranspired from the crop. The blue crop water use (CWU blue ) estimated from Equation (6) considers the irrigation efficiency (I e ), which depends on the type of irrigation system used by the farmer: micro or drip irrigation is the most efficient system with a 0.9 coefficient, and sprinkler irrigation (center pivot and hose-reel system) with a 0.7 coefficient [39] . The WF is then calculated as the ratio between the CWU and the yield in terms of m 3 ton −1 of dry matter or the surface in terms of m 3 ha −1 :
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Biomass and Yield Analysis
The analysis of maize productivity concerns the field measurements of plant biomass and harvesting mass (yield). The crop growth was determined by the measure of the maize biomass in a two-step survey. The surveys collected maize plants for one square meter in six points of the field. The first biomass survey was done on the 22 of June during the stem elongation and pre-flowering phase, and the second was done on the 28 of July during the full ripening stage of maize grain. The surveys were done for all the fields, and both in the irrigated and in the non-irrigated areas. The aerial biomass was collected, then dried in an oven at 105 • C for 36 hours, and finally weighed. A statistical analysis was implemented to observe the repeatability of the survey using the standard deviation from the mean of samples. The biomass was used to analyze different indicators related to the crop growing rate and productivity. The crop growth rate (CGR) is the absolute amount of biomass that increases in a certain period, and it was assessed by the equation [40] :
where the mass increase (g day −1 ) is calculated as the difference of the biomass measured at the second survey (Biomass t2 ) minus the biomass measured at the first survey (Biomass t1 ) by the interval time (days). The biomass measured for the CGR in Equation (9) considers both the total biomass in a first step and the grain production as the ear growing rate. Furthermore, an additional indicator of crop increase biomass is the relative growing rate (RGR), which is the efficiency of growth with respect to mass [40, 41] :
The yield data collection was implemented with a field survey on the 28th of August collecting grain samples (ears) in 8 points corresponding to 1 m 2 with a replication both on the irrigated and non-irrigated area and during harvesting on the 2nd of September, with a harvester machine recording the yield. The yield performance was analyzed through the index of crop productivity in terms of tons ha −1 of dry matter. Then, the harvest index (HI) was assessed, computing the ratio between the yield and the total biomass collected during the hard dough phase:
HI =
Corn mass Total biomass (11) An additional indicator useful to analyze the crop response to yield is the crop yield response factor to water (ky), which is the ratio between the relative evapotranspiration decrement and the relative yield decrement [42] . The coefficient is useful to analyze how crop can be tolerant to water stress according to different irrigation treatments i. The yield response factor was assessed according to the following [43] :
where the ET ir (mm) is the adjusted crop evapotranspiration within irrigation, and ET test (mm) is the adjusted crop evapotranspiration of the non-irrigated test. Accordingly, Y a is the crop yield within irrigation, and Y test is the yield of the non-irrigated test. In a second step, ky was calculated substituting the yield with the CGR to implement a further analysis of the yield response factor.
Economic Balance and Related Indexes of Performance
The comparison of the economic benefit of irrigation between the three-irrigation systems concerned the analysis of the gross marketable output and the costs. The gross marketable output was performed multiplying the yield (at 14% humidity) by the corn price on trademark established to 172 € ton −1 . The corn price referred to the price of the Bologna trademark on a national hybrid corn during the 2015 season. The net income was expressed as the gross income minus the irrigation costs (fixed and variable). Table 1 lists the total gross income, the inventory of expenditures (total irrigation costs), and the net income for the three irrigation systems. Costs were divided into costs for labor and maintenance, costs for energy, costs for purchasing the equipment, and costs of linear depreciation (amortization). The cost of labor was 15 € h −1 , which was the average among permanent and temporary jobs. It considered energetic costs for gasoline (0.65 € L −1 ) and electricity (0.18 € kWh −1 ) and the price of new machines for the amortization value (higher cost of investment for sprinkler systems) depreciated over their obsolescence time period (10, 15 , and 20 years for drip, hose-reel, and center pivot, respectively). The water price was intentionally not mentioned, because it was considered negligible, since it refers to merely the service cost of water supply by the water board, which is fixed, not volumetric, and computed based on the benefit of growing on irrigated or non-irrigated land.
The economic sustainability analysis considered the indicator of "water productivity" (€ m −3 ), that is, the ratio between the difference of the net income between the irrigated (Net income ir ) and non-irrigated maize (Net income test ) and the volume of water used for irrigation:
The water productivity highlighted the positive expected return of irrigation from an economic point of view. The volumetric impact on water resource is given by the ratio of the WF blue or green (m 3 ha −1 ) and the marginal economic benefit from irrigation (€ ha −1 ):
The blue and green WF have a different cost of opportunity and they need to be compared with the marginal net income for a full understanding of their economic performance. 
Energetic Balance and Related Indexes
The irrigation systems were compared in terms of their energetic consumption and greenhouse gas (GHG) emissions. The energetic analysis considered the type of energy used for pumping water and irrigation itself ( Table 2 ). The energy consumption referred to a unit of irrigated surface. Energy consumption is the product of the electricity or the diesel consumed per hectare by the number of irrigations. Thereby, the conversion factor was used for electricity (1 kWh = 3.6 MJ) and diesel (1 L = 42.7 MJ). The energetic costs were assessed as the product of the energy consumption and the unit cost [44] . The energy-related indicators are described by the impact of energy consumption per unit of irrigation water consumed:
Similarly, the energetic cost footprint is calculated as followed:
The energetic performance is evaluated as the ratio between the energy consumption and the GHG emission with the blue water consumption [45] :
The energy content is the energetic nutritional content in maize production, where 1 kg of maize contains 14.75 MJ [46] . The GHG emissions were implemented using the characterization factor of diesel (1 L diesel corresponds to 0.544 kg CO 2−eq ) and electricity (1 kWh electricity medium voltage at Italian level corresponds to 0.534 kg CO 2−eq ) for carbon footprint provided from the Ecoinvent 3.3 database (Ecoinvent, Zurich, Switzerland).
Results and Discussion
Water Based Indicators
The crop season was characterized by 300 mm of rainfall. Maize had a different evapotranspiration according to the plant vigor under the different irrigation systems plots. The cumulative water supply from rainfall and irrigation was 534 mm for drip irrigation, 542 mm for the center pivot system, and 502 mm for the hose-reel system (Figure 2) . The ET c adj of maize for the entire season was 560 mm under the drip irrigation, 586 mm under the center pivot, and 524 mm under the hose-reel system. The WUE shows the efficiency of water consumption and biomass production, which is related with the crop growing stage ( Table 3 ). The WUE was determined in two different periods of the growing season during which time there were slight differences between irrigated and non-irrigated tests visible when looking on the WUE from the 22 of June to the 28 of June (Table 3 ). It is curious to note how the non-irrigated test had a higher WUE (1.317 kg m -3 ) than the hose-reel system (0.972 kg m -3 ), although the lower evapotranspiration and biomass production of the test. This might be explained by the fact that the non-irrigated test benefitted from the rainfall water supply at the begin of the season and suffered later from the water stress, while the difference with a lower WUE within the hose-reel system might be due to other factors of loss beside irrigation (diseases). The difference in WUE started with the late season, where drip irrigation (1.875 kg m -3 ) and center pivot systems (2.04 kg m -3 ) reached higher values.
In addition, the IWUE was higher in drip irrigation (2.981 kg m -3 ) and hose-reel irrigation systems (2.58 kg m -3 ), which meant that the productivity obtained from a unit of water supplied with the practice of irrigation provided a better response than with the center pivot (2.37 kg m -3 ). This was true because the hose-reel system furnished a lower amount of water with the irrigation, and drip irrigation gained a better performance combining irrigation volume and crop yield. The RIS was very similar over the three irrigation systems and it stood between 0.75 for the center pivot and 0.79 for drip irrigation. In other words, drip irrigation expressed better the efficiency on supplying water compared to the other irrigation systems because of its superior management. During the growing season, the maize under the center pivot gained a greater water supply than all the other irrigation systems. The water supplied with irrigation and rainfall met the crop water requirement all the time. In drip irrigation, the irrigation met the crop water requirement with no water stress, while in the maize plot under the hose-reel system, the maize suffered from water stress only in the last period during the phase of corn ripening (Figure 2) .
The WUE shows the efficiency of water consumption and biomass production, which is related with the crop growing stage ( Table 3 ). The WUE was determined in two different periods of the growing season during which time there were slight differences between irrigated and non-irrigated tests visible when looking on the WUE from the 22 of June to the 28 of June (Table 3 ). It is curious to note how the non-irrigated test had a higher WUE (1.317 kg m −3 ) than the hose-reel system (0.972 kg m −3 ), although the lower evapotranspiration and biomass production of the test. This might be explained by the fact that the non-irrigated test benefitted from the rainfall water supply at the begin of the season and suffered later from the water stress, while the difference with a lower WUE within the hose-reel system might be due to other factors of loss beside irrigation (diseases). The difference in WUE started with the late season, where drip irrigation (1.875 kg m −3 ) and center pivot systems (2.04 kg m −3 ) reached higher values. In addition, the IWUE was higher in drip irrigation (2.981 kg m −3 ) and hose-reel irrigation systems (2.58 kg m −3 ), which meant that the productivity obtained from a unit of water supplied with the Agriculture 2019, 9, 187 9 of 15 practice of irrigation provided a better response than with the center pivot (2.37 kg m −3 ). This was true because the hose-reel system furnished a lower amount of water with the irrigation, and drip irrigation gained a better performance combining irrigation volume and crop yield. The RIS was very similar over the three irrigation systems and it stood between 0.75 for the center pivot and 0.79 for drip irrigation. In other words, drip irrigation expressed better the efficiency on supplying water compared to the other irrigation systems because of its superior management.
The WUE and the IWUE are two indicators that have similar metric, but they are conceptually different. According to the Sustainable Development Goals, a sustainable irrigation practice can produce more food with less water. In this sense, drip irrigation is the one that results in a greater ear production to the detriment of a lower total biomass production per m 3 .
In addition, the impact on the water resource from water consumption is expressed as the blue and green water footprint. Figure 3 expresses blue WF and green WF as the water consumed over the edible biomass produced. The blue WF was lower under the hose-reel system with 144 m 3 ton −1 . The reason is due to the lower irrigation volume applied, while drip irrigation and center pivot presented a blue WF of 182 m 3 ton −1 and 164 m 3 ton −1 , respectively. In addition, the green WF under the hose-reel system gained the higher value of 274 m 3 ton −1 , and only 232 m 3 ton −1 and 260 m 3 ton −1 for drip irrigation and center pivot, respectively ( Figure 3 ). In addition, the green WF of the non-irrigated test had the greatest value of 583 m 3 ton −1 .
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Indicator for Biomass and Yield Evaluation
The crop yield registered during the harvesting stage was higher in the center pivot with 11.5 tons ha -1 , followed by maize under drip irrigation system with 10.3 tons ha -1 and hose-reel with 9.7 tons ha -1 . The biomass was measured in two phenological stages (BBCH-scale [47] ): end of stem elongation (BBCH 39) and ripening-early dough (BBCH 83). The HI measures the relation between the harvest product and the biomass produced under the related irrigation system, which was higher (0.533) for the hose-reel irrigation machine (Table 4 ). Center pivot shows a relatively low HI (0.478) due to the higher biomass production, while the rain-fed (non-irrigated test) has the lowest HI in relation with the lowest yield production (0.416). Table 4 reports both the CGR that shows the difference in maize vigor under the different irrigation systems, and the RGR that determines the 
The crop yield registered during the harvesting stage was higher in the center pivot with 11.5 tons ha −1 , followed by maize under drip irrigation system with 10.3 tons ha −1 and hose-reel with 9.7 tons ha −1 . The biomass was measured in two phenological stages (BBCH-scale [47] ): end of stem elongation (BBCH 39) and ripening-early dough (BBCH 83). The HI measures the relation between the harvest product and the biomass produced under the related irrigation system, which was higher (0.533) for the hose-reel irrigation machine (Table 4 ). Center pivot shows a relatively low HI (0.478) due to the higher biomass production, while the rain-fed (non-irrigated test) has the lowest HI in relation with the lowest yield production (0.416). Table 4 reports both the CGR that shows the difference in maize vigor under the different irrigation systems, and the RGR that determines the mass productivity and the efficiency of growth from the end stage of stem elongation to the early dough of corn kernels (Table 4 ). The CGR was different between irrigation systems if we consider the total biomass, where the center pivot had the greater value of 15.9 g day −1 (Table 4 ). Moreover, looking to the CGR for the edible part of corn, the drip irrigation system had the greater value (21.5 g day −1 ). The maize growing speed was described by the RGR indicator (g g −1 day −1 ), which was higher under the center pivot in terms of total biomass (0.033 g g −1 day −1 ), and greater under the hose-reel in terms of ear production (0.033 g g −1 day −1 ). The RGR under drip irrigation showed that this type of system allows one to reduce water stress and plants can grow at the same rate both for the edible part of the corn ear and for the vegetal part of steam and leaves. A further indicator of biomass productivity and crop performance is the dimensionless crop yield response factor (k y ). This indicator helps to understand the contribution of irrigation on crop productivity and the occurrence of a potential water deficit. As seen in Figure 4 , different maize conditions under different irrigation management showed also that the yield response factor was greater within the center pivot system due to the higher evapotranspiration in relation to the yield. This is different if the biomass productivity is considered; the k y CGR describes a different trend of the crop response on biomass production in relation with irrigation. The hose-reel irrigator machine has the higher value of 0.57 in comparison with the drip irrigation that gains a value of 0.41. A general definition of k y factor defines that the higher the value is, the more sensible is the crop to water deficit. Figure 4 shows how k y might change between different irrigation practices looking either to the biomass or to the grains production. In Figure 4 , the error bars are added to describe the standard deviation from between the irrigated plots and the rain-fed test.
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Economic Indicators
The economic aspect of sustainability of irrigation systems deals with the use of the indicator of water productivity and the economic water footprint. The water productivity is the economic benefit of an additional unit of water. Looking to the water productivity, the greater value was observed for center pivot (0.37 € m −3 ), which presented a higher irrigation volume in relation with a higher net income by 12% and 8% than drip irrigation (0.33 € m −3 ) and hose-reel machine (0.34 € m −3 ), respectively. Figure 5 shows the relation between the water consumed to produce a unit of income explained by the economic water footprint (WF) of different irrigation systems. In fact, blue and green water use had different opportunity costs. This was especially more evident under the hose-reel system where a lower economic WF blue (2.07 m 3 € −1 ) corresponding to a higher economic WF green (3.95 m 3 € −1 ). The center pivot machine gained a great water productivity and the lowest impact on water resource with 1.91 m 3 € −1 and 3.04 m 3 € −1 for WF blue and WF green, respectively. In this paper, a general consideration was needed when looking to economic indicators, because a small variation in the market price can vary consistently the gross marketable income, and in the meantime could tip the economic balance in favor of one or another irrigation system due to the high weight of this economic component compared to the rest of the balance.
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Energetic Indicators
The energy consumption for irrigation purposes involves GHG emissions related to the electricity and diesel consumption for the engine pumping water. GHG emissions held from drip irrigation correspond to 308 kg CO2−eq ha -1 , while they decreased to 26 kg CO2−eq ha -1 if looking to the single irrigation. The total GHG emissions for the center pivot and hose-reel systems were 294 and 143 kg CO2−eq ha -1 , respectively. Those values changed when we considered the GHG emissions of the single irrigation of 29.4 kg CO2−eq ha -1 for center pivot and 28.5 kg CO2−eq ha -1 in the case of the hose-reel system ( Table 5 ). The energetic footprint shows the water consumption per unit of energy consumed per irrigation. Drip irrigation gained a greater value (1 m 3 MJ -1 ), while the center pivot consumed 0.85 m 3 per MJ consumed, and the hose-reel spent 0.12 m 3 MJ -1 . The energetic cost footprint is the water consumption supplied with irrigation per unit of energy cost. The center pivot was the more efficient system in terms of water supplied per unit of cost of energy spent (24.2 m 3 € -1 ). Drip irrigation and hose-reel systems showed an energetic cost footprint of 22.3 m 3 € -1 and 11.7 m 3 € -1 , respectively (Table 5 ). Differently, the energy performances are given from the relation between the ratio of energy content in maize, the GHG emissions, and the blue WF. The hose-reel system showed the greater value of energy performance with 0.35 MJ m 3 kgCO2−eq -1 . Drip irrigation and center pivot showed a lower value of 0.21 MJ m 3 kgCO2−eq -1 and 0.15 MJ m 3 kgCO2−eq -1 , respectively. Energy 
The energy consumption for irrigation purposes involves GHG emissions related to the electricity and diesel consumption for the engine pumping water. GHG emissions held from drip irrigation correspond to 308 kg CO 2−eq ha −1 , while they decreased to 26 kg CO 2−eq ha −1 if looking to the single irrigation. The total GHG emissions for the center pivot and hose-reel systems were 294 and 143 kg CO 2−eq ha −1 , respectively. Those values changed when we considered the GHG emissions of the single irrigation of 29.4 kg CO 2−eq ha −1 for center pivot and 28.5 kg CO 2−eq ha −1 in the case of the hose-reel system ( Table 5 ). The energetic footprint shows the water consumption per unit of energy consumed per irrigation. Drip irrigation gained a greater value (1 m 3 MJ −1 ), while the center pivot consumed 0.85 m 3 per MJ consumed, and the hose-reel spent 0.12 m 3 MJ −1 . The energetic cost footprint is the water consumption supplied with irrigation per unit of energy cost. The center pivot was the more efficient system in terms of water supplied per unit of cost of energy spent (24.2 m 3 € −1 ). Drip irrigation and hose-reel systems showed an energetic cost footprint of 22.3 m 3 € −1 and 11.7 m 3 € −1 , respectively (Table 5 ). Differently, the energy performances are given from the relation between the ratio of energy content in maize, the GHG emissions, and the blue WF. The hose-reel system showed the greater value of energy performance with 0.35 MJ m 3 kgCO 2−eq −1 . Drip irrigation and center pivot showed a lower value of 0.21 MJ m 3 kgCO 2−eq −1 and 0.15 MJ m 3 kgCO 2−eq −1 , respectively. Energy indicators related to environmental impact for the different irrigation systems studied allowed us to understand energy performance, the environmental impact from the energetic point of view, and in relation to water consumption. 
Conclusions
This study provides different environmental indicators suited to analyze the sustainability of different irrigation systems. The study includes indicators of water balance, economic balance, and energetic analysis. Those indicators help users to detect the most performant irrigation system from environmental, energetic, and economic points of view. The main results indicate the center pivot system has generally higher performance among the irrigation systems in this case study. In fact, the CGR, RGR, and k y gained a better response under the center pivot. At the same time, indicators related to the economic balance showed that the center pivot was the better irrigation system with higher water productivity and lower economic water footprint. Indicators related to water balance generally performed better under drip irrigation. However, the hose-reel system supplied a lower amount of water (lower WF blue), while the center pivot had a better WUE but a worse IWUE. Finally, drip irrigation showed better performance on IWUE and RIS, and with a lower WF green. Looking to the energetic performance, there is no clear picture of the best performant irrigation system. However, drip irrigation gained a higher energetic footprint, while the center pivot had a higher energetic cost footprint, and the hose-reel system showed a better energetic performance. Comparing the overall contribution on the environmental sustainability, the center pivot system combines good performance and presents an overall good solution for irrigation sustainability, especially from an economic point of view.
This study enhances the choice of the most appropriate irrigation system held under maize cropping. Further analysis under different crops must be implemented. In fact, the three systems are not always alternatives. For example, a pivot is not feasible on very small plots or on irregularly shaped plots; drip is not applicable to pasture crops (if crops rotate), while sprinkler systems may be; and hose-reel is inefficient in very windy areas. Investment in irrigation should consider crop succession throughout the year. Moreover, a one-year study was carried out; a sensitive analysis should be implemented to analysis what variable might affect the choice of the users to a suitable sustainable irrigation system. Besides that, the use of the correct irrigation system needs to combine a proper irrigation water management to take advantage of its performance. 
